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(57) Abstract: There is described a biocompatible and biodegradable implant for a cavity in a bone of a living organism which 
is made of a biocompatible and biodegradable granules which are selected from the group consisting of biopolymers, bioglasses, 
bioceiamics preferably calcium sulfate, calcium phosphate such as monocalcium phosphate monohydrate, monocalcium phosphate 
anhydrous, dicalcium phosphate dihydrate, dicalcium phosphate anhydrous, tetracalcium phosphate, calcium orthophosphate phos- 
phate, a-ticalcium phosphate, p-tricalcium phosphate, apatite such as hydroxyapatite, or a mixture thereof. The biocompatible 
and biodegradable granules are provided with a coating, which comprises at least one layer of a biocompatible and biodegrad- 
able polymer which is selected from the group consisting of poly(a-hydroxyesters), poly(orthoesters), polyanhydrides, poly (phos- 
phazenes), poly(propylene fumarate), poly(ester amides), poly(ethylene fumarate), polylactide, polyglycolide, polycaprolactone, 
poly(glycolide-co-trimethylene carbonate), polydioxanone, co-polymcrs thereof and blends of those polymera. The biocompatible 
and biodegradable implants arc obtainded by fusing together the polymer-coated granules through polymer-linkage of the polymer 
coatings of neighboring granules. 
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POROUS BIOCOMPATIBLE IMPIANT MATERIAL AND METHOD FOR ITS FABRICATION 

The present invention concerns a biocompatible and biodegradable implant for implanta- 
5 tion and/ or insertion into cavities of a living organism such as bone defects or extraction 
wounds and method for its fabricatioiu 

DSflKODUCnON AND BACKGROUND OF THE INVENTION 

1 0 Bone defects can be treated by the implantation of an autograft an allograft, of a xeno- 
graft in the healing site. However, these biological implants suffer of many drawbacks/ 
among them, for example, shortage of donor tissue, bacterial and viral contamination, etc. 
Biocompatible synthetic implants generally present less osteoconductive and osteoinduc- 
tive effects tiian biological grafts. But they are usually save and can be manufactured in a 

1 5 reproducible maimer. 

In dental treatment, for example, the extraction of a tooth leaves an open wound that 
mig^t be contaminated by bacteria* Moreover, it is a known problem, that due to the ab- 
sence of the tooth, alveolar bone spontaneously undergoes remodeling, leading to its at- 

20 . rophy. Such atrophy may then cause many complications for subsequent reconstruction. 
In order to prevent this process, it has been suggested in the prior art (US- A-6,132,214) to 
implant into the extraction site a biodegradable implant, which is an exact copy of title 
extracted tooth. Although such implants lead to promising results, the bone in-grow in 
the alveolar site is relatively low, in particular in the early stage of the healing process. 

25 The use of poly(a-hydroxy adds), such as, for example polyglycolide, polylactide, or co- 
pol3aners thereof, leads to a massive release of acidic products in the environment of the 
implant during its degradation. This acidification of the environment may then even pro- 
voke tissue necrosis. 
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While the problems of the prior art have been descnibed with reference to dental problems 
it will be appreciated by those skilled in the art that implants are also used as treatments 
for other skdeton parts. If, for example, a part of the skeleton is stricken by a tumor, the 
area stricken by the tumor may be removed and replaced by an implant In that case with 
the implants known from the prior art similar problems as those described with respect to 
dental treatments may arise. 

Other known implant systems and methods indude, for example US-A-5,741,329. La this 
reference, it is suggested to control the dianges of tihe pH value in the vicinity of biode- 
gradable implants. Thus, during the degradation of the implant the pH value is effectively 
maintained between 6 and 8 by incorporating a basic salt, preferably calcium carbonate or 
sodium bicarbonate into a polymeric matrix, preferably poiy(Iactide-co-glycolide) with a 
lactide to glycolide molar ratio of 50/50. An amount of about 5% to about 30% of ceramic 
partides is dispersed in the polymer. The resultant porous implants are only poorly inter- 
connected and have only poor mechanical stability. 



In DE-A-31 06 445 a combination of osteoconductive bioceramics with biodegradable 
polymers is proposed in order to prepare osteoconductive biodegradable implants. Po- 
rous tricaldum phosphate ceramics are impregnated with a therapeutically active sub- 
stance, which is disposed in the pores of the ceramics body. For controlling the rdease of 
the therapeutically active substance the sintered bioceramic is then coated with a thin 
polymer film (e.g. polydextran). In US-A-4,610,692 it is suggested to impregnate a porous 
sintered tricaldum phosphate body with therapeutically active substances, such as antibi- 
otics (e.g. gentamidn). and/or disinfecting substances (e,g. polyvinylpyrrolidone iodine). 
The rdease of these substances is controlled by coating the sintered bioceramic porous 
body with a polymer film (e.g. polymethacrylate, polylactide, polydextran). 

From the prior art there are already known open porous implants which are made from 
an aggregation of granules. In US-A-5,626 a polymer matrix consisting preferably of 50/50 
polylactide/polyglycolide copolymer is described, which is reinforced with particulate 
hydroxyapatite. This combination of materials is supposed to permit to maintain the in- 
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tegrity of the implant as the degradation proceeds. Also the osteoconductive potential is 
supposedly increased. In the manufacture of the implant particulate hydroxyapatite hav- 
ing an average partide size of about 10 - 100 fun, and inert leachable particles (e.g. NaQ of 
a particle size of about 100 - 250 fxm) are suspended in a PIXSA solvent solution. The 
polymer solvent solution is emulsified and cast into any appropriate mold. As fiie solvent 
is evaporated from the salt, ceramics and polymer mbdure, flie dried material retains the 
shape of the mold. The salt particles within the implant are then leached out by unmer- 
sion in water. By this method pores having a diameter of about 100 - 250 are left in the 
implant. The major drawback of this method is the necessity of a complete removal of the 
organic solvent, which takes time and requires costly analysis before the implant may be 
applied to the patient in order to treat bone defects. 

In US-A-5,866,155 a method for the manufacture of three-dimensional macroporous 
polymer matrices for bone graft is suggested. For that purpose caldnm phosphate based 
materials are added to polymer microspheres in order to produce flexible matrices for 
bone replacement or tissue engineering. In one embodiment a sintered microsphere ma- 
trice is prepared. A mbcture containing degradable polymer microspheres, calcium phos- 
phate based materials and porogen partides (NaQ) is cast in a mold, compressed and 
sintoed such, that tiie microspheres of the cast mixture bond to each other after heating 
over then- glass transition temperature. After removal from the mold and cooling, the po- 
rogen is leached out in order to produce a matrice for use in hoae replacement. In a sec- 
ond embodiment it is described that the microspheres a bonded together by using an or- 
ganic solvent After removal of the solvent and leaching out of flie porogen material three- 
dimensional structures are obtained for bone replacement A stiU further ahemative 
method consists in tiie preparation of gel-like polymer microspheres, having sticky sur- 
faces. Caldum-phosphate partides are then added to the stidsy microspheres. The mix- 
ture is stirred, cast in a mold and dried in order to obtain the desired open porous struc- 
ture. 



Lu et al. in „3-D Porous Polymer Bioactive Glass Composite Promotes Collagen Synthesis 
and Mineralizatian of Human Osteoblast-like Cells", Sixtti World Biomaterials Congress 
Transactions, Hawaii, (2000), p: 972 describe a method to prepare 3-D constnicts made of 
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Bioglass^ 45S5 and poly(lactide-co-glycolide). The method consists of the dissolution of 
the polymer in a methylene chloride and the addition of Bioglass granules having a size of 
less than 40 pm, to the solution. The mixture is then poured into a 1 % polyvinyl alcohol 
solution and the spheres are allowed to harderu 3-D constructs are made by heating the 

5 microspheres in a mold at 70^C for 20 hours. The method suffers the disadvantage that it 
is very difficult to control the degree of deposition of the polymier on the surface of the 
bioglass granules. An aggregation of the granules is also difficult to avoid. A heat treat- 
ment of the granules generally leads to problems, in particular if highly volatile and/ or 
thermolabile biologically active substances, such as, for example, growth factors, are to be 

0 added to the granules. 

In US-A-6,203,574 it is suggested to bond ceramic granules with each other using a biode- 
gradable substance. By the suggested method an interconnecting open porous struchire is 
supposed to be obtained. Hy dioxyapatite partides of sizes from 100 - 300 fun are heated 

1 5 to 200X, while polylactide partides having a partide size smaller than 210 \xm are heated 
to lOO'^C The hydroxyapatite partides are then added to the polylactide partides. The 
. mixture is intimately shaken in order to obtain a homogeneous mbdure of partides. By 
this method the polylactide adheres to the surface of the hydroxyapatite partides. There- 
after, a mbcture of polylactide partides containing fine hydroxyapatite and polylactide 

20 granules with a size of 210 - 420 pm is added to the coated large hydroxyapatite particles. 
The resulting mixture is poured into a mold and heated to 19S^C. After cooling a molded 
open porous implant is obtained. However, this method suffers a number of drawbacks. 
The partides are bonded together in a heating process, which exdudes the incorporation 
of thermally labile osteoinductive substances such as growth factors or other proteins. 

25 Antibiotics can also be altered and even destroyed by the necessary devated tempera- 
tures. Although the polylactide partides are supposed to adhere to the surface of the ce- 
ramic partides they can also adhere to each other. Thus, aggregates of polylactide are 
formed. This can lead to the formation of inhomogeneous implants. The suggested 
method does not allow the control of the thid<ness and homogeneity of the coating of the 

30 ceramic partides. Thus, the suggested system may not be optimal for a controlled delivery 
of pharmaceuticaUy active substances. Moreover, the suggested method is incompatible 
with the desire to use as litde polylactide as possible for the production of implants. 
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OBJECTS AND SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a biocompatible and biodegradable im- 
plant, which overcomes ihe aforementioned problems associated with materials and 
methods of implantation and/or insertion into bone cavities or extraction wounds. A bio- 
compatible and biodegradable implant is to be provided which upon inser- 
tion/implantation assists in the reduction of a loss of bone volume. It is a further object of 
the present invention to provide an implant whidi may be assenibled and shaped easily 
in the desired maimer to a defect-analogous implant in order to avoid hollow spaces be- 
tween die implant and the sidewalk of the cavity. There is to be provided an implant • 
having an open interconnected macro porosity, which aUows tissue in-growth. The prop- 
erties of the biocompatible implant shall be such, that it also may be used for reduction of 
bacterial growtihi and infection in a bone wound and tiie like. It is still a further object of 
1 5 the invention to provide a method for a fast and comparably simple and cost effective 
fabrication of the biocompatible and biodegradable implant according to the invention. 



According to ihe invention a biocompatible and biodegradable implant for the filling of a 
cavity in a living organism such as, for example, a bone defect is suggested which is 

20 made of a number of biocompatible and biodegradable granules made of materials se- 
lected from the group consisting of biopolymers, bioglasses, bioceramics preferably cal- 
cium sulfate, calcium phospliate such as monocaldtmi phosphate monohydrate, monocal- 
dum phosphate anhydrous, dicaldum phosphate dihydrate, dicaldum phosphate anhy- 
drous, tetracaldum phosphate, caldum orihophosphate phosphate, a-tricaldum phos- 

25 phate, (i-tricaldmn phosphate, apatite such as hydroxyapatite, or a mixture thereof. The 
biocompatible and biodegradable granules are provijded with a coating, whidi comprises 
at least one layer of a biocompatible and biodegradable polymer. The biocompatible and 
biodegradable polymer-coating is selected from the group consisting of poly (a- 
hydroxyesters), poly(orthoesters), polyanhydrides, poly (phosphazenes), poly(propylene 

30 fumarate), poly(ester amides), poly(efhylene fumarate), polylactide, polyglycolide, poly- 
caprolactone, poly(glycolideK:o-trimethylene carbonate), polydioxanone, co-polymers 
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thereof or blend of those polymers. The Hocompatible and biodegradable implants are 
obtained by fusing togelher the polymer-coated granules through polymer-linkage of the 
polymer coatings of neigjhboring granules. 

By special selection of the biocompatible and biodegradable materials for the granules 
and their coatings, the growth and the proliferation of osteoblast-like cells may be sup- 
ported during the degradation of the implant which is finally replaced by newly formed 
bone tissue. The implant may in certain cases also prevent the erosion of the bone tissue 
surrounding flie bone defect to be healed. 



The fusing process is carried out such, that implants having an open interconnected po- 
rosity with macropores having average diameter from about 100 pm to about 500 ^m, 
preferably about 200 |un to about 300 (un is adueved. 

The fusing of the polymer-coated granules to a biocompatible and biodegradable implant 
is carried out with biocompatible and biodegradable granules having micropores with 
average diameters of about larger than 0 to about 10 pm. The employed process is selected 
such, that in the implant the microporosity remains and/or macropores are formed hav- 
ing average diameters of about more than 10 pm to about 500 pm, preferably about 100 
pmto about 300 |im. 

It is to be noted that only the uncoated biocompatible and biodegradable granules have 
flie daimed porosity; once the granules are coated the porosity is practically not recogniz- 
able any more from the outside. Granules made of bioceramics, which have been sintered 
very densely, do not have a considerable microporosity at alL The porosity of the granular 
material and/or the implants provides an even larger surface area. In addition fte pores 
may be Med, e.g., wifti an antibiotic substance, with growth factors and like biotogically 
active substances, "nms, the biocoiiq>atible and Hodegradable implants, when implanted 
into a cavity or extraction wound not only fiE the cavity, but permit the controlled release 
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of Wologically active substances. For example, the substance within the pores may 
lected such that bacterial growflv fungal growth and the like more are hindered. 



Preferably granules are selected, which have an equivalent-diameter of about 350 \im to 
about 2000 fun, preferably 500 jim to 1000 van. Granules of the selected equivalent diame- 
ters are easily handled and readily further processed. 



While the term equivalent-diameter indicates that the biocompatible and biodegradable 
granules may be of irregular shape, it is of advantage when it is provided with a regular 
shape. Preferably it has a generally spherical shape. Due to its homogeneous structure the 
spherical shape of flie granular material allows a better handling and an easier estimation 
of the required quantity of granular material in order to fill a known volume of a cavity. 

The biocompatible and biodegradable granules are preferably formed from a powdery 
base material, said powdery base material having an equivalent diameter of about 0.1 \mi 
- about 10 trai and granules being formed by an additive granulation in a granulator . This 
method for forming granules is well approved and allows a reproducible formation of 
granular material having the desired equivalent diameters with only smaU deviating frac- 
tions. 



In an alternative embodiment of the invention the biocompatible and biodegradable 
granules may be hoUow instead of being soUd grannies. The nse of hollow granules re- 
duces the amount of implanted material and allows a better in situ integration. In a fur- 
ther advantageous embodiment; the granules may comprise at least one opening in the 
wall enclosing flie interior hollow space, which opening in the wall is larger than micro- 
pores in the wall, and being preferably of macroscopic size. By providing the hollow bio- 
compatible and biodegradable granules with an opening in the granule wall, the possibil- 
ity of a tissue in-growth into the biocompatible and biodegradable implants is enhanced. 
The hole with an opening in the granule wall may be produced from slurry consisting of 
the biocompatible material, water and an adhesive (Wintermanlel et aL 1996). Droplets of 
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flie slurry are brought onto a heated plate. The water in the slurry droplet boils and 
evaporates instantaneously out of the droplets leaving an evaporation crater in the drop- 
let walL When the droplets are cooled off, hollow granules having an opening in the 
granule wall are formed. 

The biocompatible and biodegradable coating has a thickaess of 2 [im to 300 \ixa, prefera- 
bly about 5 pm to about 20 jim. The mechanical stabiUty of an implant made of coated 
granules depends on the iiiickness and the homogeneity of the coating. By an insufficient 
coating thickness the granules cannot stick together in the required extent On the other 
hand, large amounts of coating materials can lead to the decrease of the pH-value bdow 
pH 7.4 in the vidnity of the implant during its degradation. Therefore, (he optimal thick- 
ness of the biocompatible coating is a result of a compromise between implant stabiUty 
and the amount of material, which wifl degrade. The preferred coating fliickness of fee 
granules may also be expressed as a wei^t fraction of about 4% to about 15% coating 
materials of the total weight of fee implant The biocompatible coating is made of a bio- 
degradable polymer. Thus, it is ensured, that after a specified and defined time period fee 
coated granular material may degrade or be resorbed or dissolve wifein fee cavity wife- 
out any residues. 

The coating of fee biocompatible and biodegradable granules may comprise one or more 
• layers of varying average thickness. At least fee outmost coating layer is made of a biode- 
gradable material. This embodiment of fee invention aUows providing fee biocompatible 
and biodegradable granules wife several coatings for specific purposes. The outmost bio- 
degradable coating may be sdected in accordance wife a certain desired delay in degrad- 
ability. Thus, fee coating layer undemeafe is only exposed after a certain desired time 
period has expired. This, for example, allows a retarded delivery of a bioactive substance. 
Thus, fee biocompatible and biodegradable granules maybe coated wife different coat- 
ings, which each is biodegradable and displays a specific ^fect 

In a furfeer embodiment of fee invention a biologically active substance is integrated into 
fee biocon^atible and biodegradable granules and/or into fee coating, and/ or forming a 
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iting layer itself. Thus, a contiolled deHvery of tiie biologica]ly active substance is en- 
abled. The amount of the HologicaUy active substance may easily be defined by control- 
ling the coating process, for example. By integrating biologically active substance into a 
submerged coating layer or into the granular material itself, a controlled retarded release 
of the laologicalty active substance may be accomplished. 

The biocompatible and biodegradable implants are easUy formed from biocompatible and 
biodegradable granules. This implant comprises a number of coated biocompatible and 
Hodegradable granules and may be shaped in any required manner. Thus, tlie biocom- 
patible and biodegradable granules form the prerequisites for temporary implants, which 
may very easily be shaped to form an exact match of a freshly created cavity or exfaraction 
wound. The porosity of the implants is well controllable by tiie applied mefliod for fusing 
of the granules. The coated granules are selected from solid granules, porous granules, 
hollow granules, hollow granules with at least one opening in ttie granule wall, or mix- 
tures thereof. 

It may be advantageous to provide a biocompatible and biodegradable implants, which 
comprises in addition non-«)ated biocompatible granules made of a biocompatible and 
biodegradable material selected from tiie group consisting of one of biopolymers, bio- 
glasses, bioceramics preferably calcium sulfate, calcium phosphate such as monocaldum 
phosphate monohydrate, monocaldum phosphate anhydrous, dicaldum phosphate di- 
hydrate, dicaldum phosphate anhydrous, tetiracaldum phosphate, caldum orthophos- 
phate phosphate, a-tricaldum phosphate, |J-tricaldum phosphate, apatite such as hy- 
droxyapatite, or a mixtiiie tiiereof, and said granules being free from any coatings and 
selected from soUd granules, porous granules, hollow granules, hollow granules with at 
least one opening in the granule wall, and mixtures thereof. The coated and uncoated 
granules are flioroughly mixed sacK tiiat they are safely fused togetiier by the preferred 
method of production and stifl have ftie required staMity . By providing a mixture of 
coated and nonrcoated granules for tiie production of the biocompatible and biodegrad- 
able implants, flie amount of coating materials, which must degrade, may be further re- 
duced. 
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The biocompatible and biodegradable implant may consist of one type of biocompatible 
and biodegradable granules only. In a preferred embodiment of the invention^ the bio- 
compatible and biodegradable implant is made of two or muore kinds of coated granules. 
The term different includes biocompatible and biodegradable granules having different 
sizes. The coated granules are distinct from each other and may consist of different bio- 
compatible materials and/ or comprise polymer-coatings, which are distinct from each 
other. Thus, an implant may be ''designed" not only as an ideal match for a bone cavity or 
an extraction wound but also in accordance with further specific requirements, such as, 
for example, stability, resorbahility and/ or solubility of the implant 

In a preferred embodiment the biocompatible and biodegradable implant is obtained 
from biocompatible and biodegradable grantdes which are fused togetiier within a mold 
in a pressurized CO2 atmosphere. The CO2 atmosphere acts as a slight solvent with re- 
spect to the polymer-coated granules and enhances tiie linkage of the granules witit each 
other. The produced biocompatible and biodegradable implants preferably comprise mac- 
ropores in between the fused together granules. The macropores may be interconnected 
and have average sizes from about 100 jun to about 500 \im, preferably about 200 pm to 
about 300 purt Hie macropores serve to enhance the in-growlh of tissue into the implant 
and thus allow a faster regeneration of the healing site. 



A preferred field of use for the biocompatible and biodegradable implant according to the 
invention is the use as a temporary replacement for an extracted tooth root or the like. 
Ftising of the individual polymer-coated granules to a matdung implant may be accom- 
plished very easily and very fast on-site from pre^ricated biocompatible and biodegrad- 
able granules. 

The biocompatible and biodegradable granules may be spray-coated, preferably in a fluid 
bed xnachine, or inunersioiKoated with the desired biocompatible polymer(s). Both 
methods le^d to the biocompatible and biodegradable grantdes having the required prop- 
erties. The spray coating process in a fluid bed machine is preferred though, because it 
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aUows the fabrication of a great ntmiber of practically identical polymer-coated biocom- 
patible and biodegradable granules in a veiy f ast and economic manner. The technique is 
well proven and aUows an easy control of title thickness of the coating layer (s) and the 
fabrication of Hocompatible and biodegradable grarvoles having multiple coating layers, 
wWch are distinct from each other. The coating in fluidized bed madiine results inaho- 

mogenous and continuous coating, which offers abarrier against bacterial contamination 
of the granules or of implants made tiierefrom. During tiie coating process the granules 
do not adhere to each other, tiius avoiding tihe formation of undesirable aggregates which 
migjit lead to highly inhomogeneous size disbibutions and coating tiiickness. The coated 
granules retain their exceUent free-flow properties, wHch is necessary for an evenfaial 
further processing. Due to the homogeneity of tiie coating only a low amount of coating 
material, in particular PLGA, is required for Ihe furiher consohdation of an implant. Thus, 
the risks of inflammation or tissue necrosis due to a massive release of acidic products in 
the environment of an implant during its degradation are significanfly reduced. An inte- 
gration of biologically active substances into the coating fihn(s) may be weU controlled by 
the coating in a fluid bed machine. Thus, each granules is loaded wifli the same amount of 
the HologicaHy active substance. The thickness of title coating is well controlled in flie pro- 

cess. Therefore, even the release of an integrated Hologically active substance is predict- 
able and well controlled. 

Biocompatible and biodegradable implants are made from coated granules of a biocom- 
patible and Hodegradable material They may also comprise uncoated granules. The 
granules are preferably fused together in a mold having a cavity corresponding to the 
required shape. After removal from the mold the iiiq>lants need not be finished but may 
be directiy inserted into a bone cavity or an extiraction wound. However, due to rela- 
tively high stabiHty of tihe implants, they may even be furiher finished, such as, for exam- 
ple, by cutting away portions of the implant, if title need arises. 

The fusing together of flie biocompatible and biodegradable granules may also be accom- 
plished by heat ti«atinent, or by exposure to a solvent The selected method depends on 
the type of coating and may employ even combinations of tiie different kmds of mechani- 
cal, physical and chemical processes. In a first metiiod the biocompatible and Wodegrad- 
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able granules are fused together within a mold having the desired mold cavity by sub- 
jecting titiem to a pressurized CO2 atmosphere for a time span of at least about 3 seconds, 
typically about 3 seconds to about 180 seamds. The CO2 atmosphere acts as a sUght sol- 
vent with respect to the polymer-coated granules and enhances the linkage of the gran- 
ules with each otiier. The pressure of the CX)2 atmosphere ranges from about 20 bar to 
about 200 bar, preferably about 50bar. At these pressures a reliable bondage of the gran- 
ules to each other is adueved while at tite same time avoiding a damage of the individual 
biocompatible and biodegradable granules. The bonding of the granules in a CO2 atmos- 
phere has the advantage that the produced biocompatible and biodegradable implant 
does not require any pvudfication step prior to implantation. 

In an alternative method the fusing togeflier of the biocompatible and biodegradable 
granules is accoinplidied by heat teeabanent The fusion of the coated granules is achieved 
at elevated temperatures of about 70»C to about 220''C, preferably about 75»C to about 
90°C The heat treatment lasts for a time span of at least about 10 seconds, typically about 
lOseconds to about 5 minutes. 

The incorporation of growth foctors into a biocompatible and biodegradable implant can 
also be achieved very simply by mixing loaded microspheres with the bioocompatible 
and biodegradable coated granules. This allows manufacturing the coated granules under 
non-aseptic conditions with subsequent sterilization, while Hie microspheres, which carry 
the growth factors, are produced under aseptic conditions. The mixing of the coated 
granules and the microspheres is done just before the preparation of the biocompatible 
and biodegradable implant Hie bonding is achieved in a gaseous CO2 atmosphere at low 
temperahues of about 20»C to about 37 °C and a pressure of about 20 bar to about 200 bar, 
preferably about 30 bar to about 40 bar. Under these conditions and at such low tem- 
peratures, the growth factors may be handled eastty without the danger of degradation or 
alteration. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Further advantages of the invention will become apparent from the description of exem- 
plary embodiments of the invention in which: 

Fig. 1 is an electron microscope view of a biocompatible and biodegradable coated gran- 
ule used for the fabrication of implants according to the invention; 

Fig, 2 is a detail of a aoss-sectional view of the coated biocompatible and biodegradable 
granxile and of Fig. 1 showing the homogeneous and thin coating of a microporous 
granule; 

Fig, 3 is an electron microscope view of a hollow granule having a macroscopic opening 
in the granule wall; and 

Fig. 4 is a light microscope cross-sectional view of a biocompatible and biodegradable 

implant made of a number of coated solid biocompatible and biodegradable gran- 
ules demonstrating the interconnected and open porosity in between the granules. 

DETAILED DESCRIPnON OF THE INVENTION 

The coated granule 1 depicted in Figs. 1 and 2 is of generally spherical shape. In spite of 
its usually relatively porous structure it has a very smooth outer surface due to being 
coated with a biocompatible and biodegradable polymer 3. The base 2 material in the 
shown embodiment is tricalcium phosphate (TCP). FromFig. 2, it is apparent tiiat the 
granule 1 has a porous structure preferably comprising micropores having an average 
diameter of larger than 0 pm to about 10 yxm, preferably about 0.1 jun to about 6 pm. It is 
to be noted that very densely sintered granules may have no microporosity at all. The 
coating 3 is a poly-lactide-co-glycolide (PLC A) and encloses the base material 2 com- 
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pletdy Iflse a shdl. It has a thickness of about 2 pm to about 300 jun, preferably about 5 
pin.toabout20pin. 

Fig. 3 shows a hoUow, generaUy spherical granule 11. The wall 13 of the granule 11 has an 
opening 14, which communicates with the cavity 12 of the granule. The hoUow spherical 
granules 11 with an opening 14 in the granule wafl 13 may be produced from slurry con- 
sisting of the biocompatible material, water and an adhesive. Droplets of the slurry are 
brought onto a heated plate. The water in the slurry droplet boils and evaporates instan- 
taneously out of the droplets leaving an evaporation crater in the droplet walL When the 
droplets are cooled off hollow granules 11 having a macroscopic opening 14 in flie gran- 
ule wall 13 are formed. This granule may then be coated. 

Fig. 4 shows a U^t microscopy image of a cross-section of a TCP-PLGA implant 4 made 
of a numiier of granules 1 as depicted in Fig. 1 and 2. The implant may also be formed pf 
hollow granules, or of hollow granules 11 having an opening in the granule wall 13, as 
depicted in Fig. 3, or of mbrtures thereof. The granules may all be coated or be only pardy 
coated. The polymer coating cannot be observed at the shown magnification. The inter- • 
connected macroscopic porosity, however, can clearly be observed. The binary image of 
Fig. 4 is achieved after digitizuig the image values, noise reduction and threshol<fing of 
the results. The granules 1 are fused with each other, the fusing having been achieved 
within a mold in a pressurized CCb-atmosphere. The individual granules 1 are fused to- 
gether only by linkage of the polymer-coatings of the granules. The shape of the individ- 
ual granules 1 is basically sphericaL The depicted implant 4 is made of biocompatible and 
biodegradable granules 1 of different sizes in the range of about 500 fun to about 800 jun, 
which results in an open interconnected structure with a good resistance to mechanical 
stress, such as, for ^cample, pressure. 
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Gtaitular hase mateiiaL 



Preferred biodegradable or bioresorbable materials indude bioceramics such as calcium 
phosphates and calcium sulfates, bioglasses, and mbctuies ttiereof . The caldum-based 
ceramics indude, as monocaldum phosphate monohydrate (MCPM, Ca(H2P04)2.H20), 
mcmocaldumphosphate anhydrous (MCPA, CaQJsPOi)!), tetracaldum phosphate (TetCP, 
Ca4(P04)20), caldumorthophosphate phosphate (OCP, Ca8H2(PO4)6.5H20), caldum py- 
rophosphate (CaP, CaaPjQ?), dicaldum phosphate anhydrous (DCP, CaHPO*), dicaldum 
phosphate dihydrate (DCPD, CaHP04.2HaD), p-tricaldum phosphate (p-TCP, Ca3(P04)2), 
a-tdcaldum phosphate (a-TCP, C:a3(P04)2), and apatite sudi as hydroxyapatite (HA, 
Caio(P04)6(OH)2). r!,^ril1rt^ phosphate ceramics are known for their excellent biocompati- 
blHty and are flieref ore used in various biomedical appKcations, HA and TCP among 
them being the most used Woceramics in orthopedic and maxillo-fadal applications and 
for the treatment of bone defects. Their dose ionic similarity wiA flie mineral camponents 
of bone, their adjustable resorption kinetics to the need of a specific therapy and their bio- 
active properties have been mentioned before in the prior art While HA is commonly 
considered to be non-biodegradable, some resorption behavior has been reported in in- 
vivo studies (Oonishi et aL 1999). p-TCP is generally considered to be biodegradable and 
is known to degrade faster than HA After resorption of TCP in vivo new bone tissue is 
reported to replace the resorbed materials. 

Prq>aration of P-TCP granules 



From p-TCP powder granules are prepared, for example, by a spheronization route. 70g 
P-TCP powder (purum p.a. >96%, Huka, CH) is mixed with Ig dextrin (Relatin Dextrin 
K51) in a mortar. 20 ml deionized water is slowly added to the powdery mixture under 
continuous stirring. The resultant paste is extruded through a multi-hole (0: SOOjim) noz- 
zle (Cydo, Typ XYCG, Probst Technik, CH) and spheronized during ca. 3 min in a pd- 
letrounder (Probst Technik, CH) in order to obtain granules having an average diameter 
of about 350 Jim to about 1000 jim- The obtained p-TCP granules with a diameter between 
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500 and lOOOum aie then calcinated and sintered at a temperature of IISO^C during 4 
hours in a furnace (Nabertherm, CH). 

Other metiiod such as hi^shear mixer and flnidized bed granulation can also be used in 
order to produce roiinded granules. 



Biocompatible and biodegradable polymer-coating 

Meanwhile a large munber of biocompatible and Hodegradable or bioresorbable poly- 
mers are known from Ihe prior art, among poly(a-hydroxyesters), poly(ortho esters), 
polyanhydrides, poly(phosphazenes), poly(propylene fomarate), poly(ester amides), 
poly(ethylene fumarate), polylactide, polyglycoUde, polycaprolactone, poly(glycolidfr<o- 
trimettiylene carbonate), polydioxanone, co-polymers ttiereof and blend of those poly- 
mers. By way of example only the invention will be illustrated with reference to poly- 
lactide-co-glycoUde (PLG A), which is known for its biocompatihiKty and hkxiegradabil- 
ity . For this purpose, a solution of PLGA with a lactide to glycolide molar ratio of 50 / 50 
(PLGA 50:50, Resomer RG503, Boehringer Ingelheim, D) in dichloromethan (CH2C12) is 
first prepared. The concentration of the polymer was about O.lg to 0.2g PLGA 5050 in InU 
CHsCla. The p-TCP granules are immersed in the PLGA 50:50 solution. While the resultant 
mixture is constantly stirred, the solvent evaporates until a thin fihn of polymer is de- 
posed on the surface of the p-TCP granules. Agglomerated granules can be then separated 
using a labor mixer and sieved. The extraction of the solvent js finaHy carried out for 36h 
under vacuum (lOOmbar). 

A far more economic coating method, which results in a very homogenous coating of the 
p-TCP granules is the spray coating process in a fluidlzed bed machine (GPCGl, Glatt, D). 
For that purpose, 310g pure p-TCP granules (SOO-TlOjun) are placed on a perforated plate. 
While air flows throu^ flie plate, flie grannies are fhiidized. A cylinder, which may be 
placed in the center above the perforated plate, canalizes the fluidized granules due to a 
flow gradient whidi exists between the center of the plate and the dxcumference thereof. 
In this case, a spray nozzle is located imdemeath Ae cylinder in the center thereof. As the 
granules are fluidized and flow up the cylinder, they are coated with a 73% w/w PIX3A 
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5050 (Etesomer RG503, Boehringer Ingelheim, D) in CH2CL2 solutioix. Due to ihe continu- 
ous ckculation of flie fluidized granules a very homogeneous coating is obtained. After 
spraying 570g PIjGA5050 solution at a spraying rate of ca. 10 g/miiv the coating process 
is stopped. With these coating parameters, granules can be obtained with a coating layer 
corresponding to about 6 % of tiie total weight of the granules. The coated granules are 
then taken out of the fluidized bed machine and dried under vacuum (lOOmbar) during at 
least 24 hours. 

Using the same fluidized bed machine, itis also possible to coat p-TCP granules with 
PLGA85:15. (Resomer RG858, Boehringer Ingelheim, D). In one experiment, 493 g p-TCP 
granules (500-710jun) were coated witti ca. 1300 PLGA85:15 in CH2Cb solution At ihe end 
of the coating, coated granules with ca. 13% w/ w PLGA85:15 could be obtained. 

It is apparent for fliose skilled in ihe art fliat by selecting different coating solutions and 
varying the coating time, different layers of coating having different thicknesses may be 
applied to the p-TCP granules. This indudes tiie coating with biologically active sul>- 
stances as an individual coating or mixed or dissolved in tiie polymer coating. 



Preparation of biocompatible and biodegradable implants 

p-TCP-PLG A biocompatible and biodegradsOjle implants are prepared from p-TCP gran- 
ules, which are coated with at least one layer of PLGA. Various methods for the fabrica- 
tion of implants may be used in order to fuse the polymer-coated granules together, 
among them heat treabnents, application of solvents, use of pressurized COa, chemical 
linkage, mechanical fusion by applying pressure, arui mixtures of those methods. 

By a fosfon method, which applies a heat ti^atment at moderate temperatures the bio- 
compatible and biodegradable implant may be prepared as follows: 
700mg PLGA 50:50 coated P-TCP granules are poured into a polysiloxane mold, having 
the desired shape, and heated.to a temperature of about 75°C to about 90°C The granules 
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are sHghtly compressed in the mold and kept at 75°C to about 90''C for at least about 10 
seconds. Typically the process time amounts to about 10 seconds to about 5 minutes, pref- 
erably for about 1 minute to about 2 minutes. After that, the mold containing the fused 
granules is cooled down to ambient temperature. After cooling, the polymer coating 
hardens and the implant becomes stable enough to be removed from the mold and im- 
planted. 

The fusing of coated granules applying a method using pressurized CO2 may be carried 
out as follows: 

After filling a polysiloxane mold with a desired shape with 700mg PLGA 50:50 coated p- 
TCP granules, the mold is place in a hi^ pressure vessel at room temperature. After do- . 
sure of the vessel, CO2 is introduced into the vessel until a pressure of about 50 bar is 
reached. The pressure is increased at a ramp of about 2 bar per second. Once the maxi- 
mum pressure is reached, it is held for at least about 3 seconds. Typically the pressure is 
held for about 3 seconds to about 180 seconds, preferably less than 30 seconds. Then, the 
CO2 pressure is decreased at a rate of about 0.5 bar per second. As the CO2 pressure in the 
vessel equilibrates with the outer atmospheric pressure, the vessel is opened and the mold 
is taken out The implant made of the fused coated granules c^ ttienbe extracted out of • 
the mold. The whole process is preferably performed at room temperature or at slightly 
elevated temperatures of about li^'C to about 37^C Such an implant has a porosity of ca. 
55% and a median pore diameter of ca. 280 jim. 

Since the p-TCT granules are homogeneously coated with PUS A they are capable of fus- 
ing together during the CO2 treatment. The CO2 acts as a solvent for the coating. This re- 
sults in a decrease of the glass transition temperature (Tg) of the polymer below the proc- 
essing temperature. By the combination of the gas pressure and the reduction of Tg the 
granules are able to fuse by polymer linkage only. Thus, it is apparent that a homogenous 
coating of the granular base material is an essential prerequisite for the fusing of the 
coated granules. The implants comprise interstitial spaces in between the fused granules. 
The size of the interstitial spaces is depending on the thickness of the coating, on the com- 
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paction of the implant, and on the size of the coated grantdes. Thus, an application of 
moderate additional presstire on tiie mold caviiy during the fusing of the granules re- 
duces the interstitial space and allows a control thereof. An implant having larger inter- 
stitial spaces may be desirable in order to provide room for the in-growth of newly 
formed tissue. 

Preparation of biocompatible and biodegradable implants loaded with biologically active 
substances 

The processing using pressurized CO2 for the fusing of the granules is preferred, because 
it permits to produce biocompatible and biodegradable implants including, for example, 
PLG A microspheres loaded with biologically active substances such as insulin like growth 
factor-1 ^GF-1). 

The preparation of biocompatible and biodegradable implants loaded with IGF-1 could be 
carried out as follows: 

25 mg PLGA50:50 microspheres ^esomer RG502H, Boehringer Ingelheim, D) loaded with 
IGF-1 were mixed in a polysiloxane mould with 950 mg of coated granules using a small 
spatula. The granules used for this experiment were coated with PLGA50:50 (Resomer 
RG502H^ Boehringer Ingelheim, D) in order to achieve a material compatible interface 
between the granules and the microspheres. For a homogenous microsphere distribution 
' through the scaffold, the polysiloxane mould filled with the biomaterials was vibrated 
with a vortex device (level 3, Vortex Genie 2, Bender & Hobein, CH) during 20s. In order 
to prevent the segregation of the microspheres on the bottom of the mould, the mould 
was turned upside down and tiie vibrating was repeated. The consolidation of the im- 
plant was then achieved under pressurized CO2 atmosphere at 30 bar during 60 s. After 
the consolidation step, the biocompatible and biodegradable implant loaded with IGF-1 
could be extracted out from the mould and analyzed. 



wo 03/075975 PCT/EP03/01812 

20 

The release kinetics of IGF-1 was investigated for microspheres loaded with this biologi- 
caUy active substance and for implants containing such loaded miarospheres and consoU- 
dated using the pressurized CO2 technique. It appeared that after 1 day, fhe released 
amount of IGF-1 ftoin the microsphfires was ca. 40% and fhe released amount from the 
biocompatible and the biodegradable implant was ca, 13%. At day 7, the released amout 
of IGF-1 from the microspheres was ca, 100% and the amount horn the iir^lant was ca. 
80%. After about 20 days, the amount of IGF-1 was totally released from the biocompati- 
ble and biodegradable implant This demonstrates that such implants could be used as a 
drug delivery system for the treatment of bone defects. 



In accordance with the invention there is described a biocompatible and biodegradable 
implant for a cavity in a bone of a living organism which is made of a biocompatible and 
biodegradable granules which are selected from the group consisting of Wopolymers, bio- 
glasses, bioceramacs preferably caldum sulfate, calcium phosphate such as monocaldum 
phosphate monohydrate, monocaldum phosphate anhydrous, dicaldum phosphate di- 
hydrate, dicaldum phosphate anhydrous, tetracaldum phosphate, caldum orfliophos- 
phate phosphate, a-tricaldum phosphate, p-tricaldum phosphate, apatite sudi as hy- 
droxyapatite, or a mixUire thereof. The biocompatible and biodegradable granules are 
provided with a coating, which comprises at least one layer of a biocompatible and biode- 
gradable polymer which is selected from fhe group consisting of poly (a-hydro)qresters), 
poly(orfhoesters), polyanhydrides, poly(phosphazaies), poly(propylerte fumarate), 
poly(ester amides), poly(ethylene fumarate), polylactide, polyglycoMe, polycaprolactone, 
poly(glycolide-a>-trimethylene carbonate), polydioxanone, co-polymers thereof and 
blends of those polymers. The biocompatible and biodegradable implants are obtainded 
by fusing together the polymer-coated granules through polymer-linkage of the polymer 
coatings of neighboring granules. 
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CLAIMS: 

1. Biocompatible and biodegradable implant for the filling of a cavity in a living or- 
ganism such as, for example an extraction wound or any bone tissue defect, as ob- 
tained by fusing together through polymer linkage of polymer-coated biocom- 
patible and biodegradable granules, said granules being made of biocompatible 
and biodegradable materials which are selected from the group consisting of bio- 
polymers, bioglasses, bioceramics preferably caldxun sulfate, calcium phosphate 
such as, for example, monocaldum phosphate monohydrate, monocaldmn phos- 
phate anhydrous, dicaldum phosphate dihydrate, dicaldum phosphate anhy- 
drous, tetracaldum phosphate, caldum orthophosphate phosphate, caldum pyro- 
phosphate, a-tricaldum phosphate, p-tricaldum phosphate, apatite sudi as hy- 
droxyapatite, or a mixture thereof and said grantdes having an equivalent- 
diameter of about 350 ^lm to about 2000 ^un, preferably 500 nm to 1000 ^im and 
preferably being of a regular shape, such as, for example, a spherical shape; a ma- 
jor portion of said granules being coated with at least one biocompatible and bio- 
degradable layer of a polymer selected from the group consisting of poly (a- 
hydroxyesters), poly(ortho esters), polyarihydrides, poly(phosphazenes), 
poly(propylene fumarate), poly(ester amides), poly(efhylene fumarate), polylac- 
tide, poly^ycolide, polycaprolactone, poly(glycolide-co-trimefhylene carbonate), 
polydioxanone, co-polymers thereof and blend of those polymers and said poly- 
mer layer having a thickness of 2 |mi to 300 pn, preferably about 5 |mi to about 20 
ixm, corresponding to a weight fraction of about 4% to about 15% of the wdght of 
the said implant 

2. Biocompatible and biodegradable implant as obtained by daim 1, wherein the 

poljncner-linkage is carried out such, that, after fusing of tiie granules together, an 
open interconnected porosity with macropores having average diameter from 
about 100 nm to about 500 jim, preferably about 200 ^m to about 300 ^im is 
adiieved. 
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Biocompatible and biodegradable implant as obtained by claim 1 or 1, wherein the 
biocompatible and biodegradable granules are selected from solid granules, po- 
rous granules, hollow granules, hollow granules with at least one opening in flie 
granule wall enclosing the interior hollow space, said opening in the wall being 
larger than micropores, said opening preferably of macroscopic size, and mixtures 
thereof. 

Biocompatible and biodegradable implant as obtained by any one of the preceed- 
ing claims, wherein biocompatible and biodegradable granules are used, which 
are porous, preferably comprising micropores having an average diameter of more 
than 0 to about 10 pm, preferably 0.1 to 6 ^rav and/or comprising macropores 
having an average diameter of more than 10 pm to about 500 jim, preferably about 
100 pm to about 300 pm. 

Biocompatible and biodegradable implant as obtained by any one of the preceding 
claims, further comprising at least one biological active substance which is inte- 
grated into the said granules and/or into the said biocompatible and biodegrad- 
able coating, and/ or forming a coating layer itself. 

Biocompatible and biodegradable implant as obtained by any one of the preceding 
claims, wherein mixtures of non-coated and polymer-coated granules are fused 
together. 

Biocompatible and biodegradable implant as obtained by any one of the preceding 
daims, wherein said biodegradable and biocompatible implant is made of two or 
more kinds of granules, said different kinds of granules being made of different 
biocompatible materials and/or comprising polymer-coatings which are distinct 
from each other and/or having different equivalent diameters and/or comprising . 
solid granules, porous granules, hollow granules, hollow granules with at least 
one opening in the granule wall, and mixtures thereof, and said implant being 
shaped in the required manner. 
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8. Biocompatible and biodegradable implant as obtained by any one the preceding 
claims, wherein the said granules are mixed with microspheres made of a biode- 
gradable and biocompatible material and loaded with at least one biologically ac- 
tive substance. 

9. Biocompatible and biodegradable implants as obtained by any one of the preced- 
ing daims, wherein said biocompatible and biodegradable granules are spray- 
coated/ preferably in a fluidized bed machine, with the desired biocompatible and 
biodegradable polymer, said polymer coating having a homogenous thickness of 
about 2 |im to 300 pm, preferably about 5 \isxi to about 20 (xm, corresponding to a 
weight fraction of about 4% to about 15% of the weight of the said implant 

10. Biocompatible and biodegradable implant as obtained by any one of the preceding 
claims, wherein said granules are fused together in a mold in a pressurized CQ2 
atmosphere under a pressure of about 20 bar to about 200 bar, preferably about 50 
bar, for a time span of at least about 3 seconds, typically for about 3 seconds to 
about 180 seconds. 

11. Biocompatible and biodegradable implant as obtained by any one of claims 1 to 9, 
wherein said granules are fused together by subjecting Ihem within a mold to a 
heat treatment at elevated temperatures of about 70®C to about 220*^0, preferably 
about ZS^'C to about 90^C for at least about 10 seconds, typically for about 10 sec- 
onds to about 5 minutes. 
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12. Method for ihe forming of a biocompatible and biodegradable implant for the fill- 
ing of a cavity in a living organism such as, for example an extraction wound or 
any bone tissue defect, by fusing togeflier flirough polymer linkage of polymer- 
coated biocompatible and biodegradable granules, said granules being composed 
of laocompatLble and biodegradable materials which are selected from the group 
consisting of biopolymers, Hoglasses, bioceramics preferably calcium sulfate, cal- 
cium phosphate such as, for example, monocaldum phosphate monohydrate, 
monocalchim phosphate anhydrous, dicaldum phosphate dihydrate, dicalcium 
phosphate anhydrous, tetracaldum phosphate, caldum orthophosphate phos- 
phate, calchim pyrophosphate, ortricaldum phosphate, p-tticaldum phosphate, 
apatite sudi as hydroxyapatite, or a mixture thereof and said granules being se- 
lected from soUd granules, porous granules, hollow granules, hollow granules 
with at least one opening in ftie granule wall, and mbdures thereof and having an 
equivalent-diameter of about 350 jim to about 2000 jun, preferably 500 fun to 1000 
nm and preferably being of a regular shape, sudi as, for example a spherical 
shape; said granules being coated with a biocompatible and biodegradable layer of 
a polymer selected from flie group consisting of poly(a-hydroxyesters), poly(ortho 
esters), polyanhydrides, poly(phospha2enes), poly(propylene fumarate), 
poly(estEr amides), poly(efhylene fumarate), polylactide, polyglycoUde, polycap- 
rolactone, poly(glycoUdfr<:o-trimefhylene carbonate), polydioxanone, co-polymers 
fltiereof and blend of those polymers and said polymer layer having a thickness of 
2 urn to 300 ^mi, preferably about 5 fun to about 20 van, corresponding to a weight 
fraction of about 4% to about 15% of the weig^it of the said implant, and said gran- 
ules being preferably sterilized and fused together within a mold by subjecting the 
granules for a time span of at least about 3 seconds, typically for about 15 seconds 
to about 180 seconds to a pressurized CQz atmosphere, said COi atmosphere hav- 
ing a pressure of about 20 bar to about 200 bar, preferably about 50 bar at a tem- 
perature of about 20°C - about 3TC. 
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Method for the f onning of a biocompatible and biodegradable implant for the fill- 
ing of a cavity in a living organism such as^ for example an extraction wound or 
any bone tissue defect by selecting granules of biocompatible and biodegradable 
materials from polymer-coated and non-coated solid granules, porous granules, 
hollow granules, hollow granules with at least one opening in the granule wall 
and mixtures thereof, being preferably sterilized and fused together within a mold 
by subjecting the granules for a time span of at least about 10 seconds, typically of 
about 10 seconds to about 5 minutes to a heat treatment at elevated temperatures 
of about yO'^'C to about 220**C, preferably about 80^C to about 85°C, said granules 
being composed of biocompatible and biodegradable materials which are selected 
from the group consisting of biopolymers, bioglasses, bioceramics preferably cal- 
dtun sulfate, calcium phosphate such as, for example, monocalcium phosphate 
monohydrate, monocaldtun phosphate anhydrous, dicalcium phosphate dihy- 
drate, dicaldum phosphate anhydrous, tetracaldum phosphate, caldum ortho- 
phosphate phosphate, caldum pyrophosphate, a-tricaldum phosphate, p- 
tricaldtim phosphate, apatite sudi as hydroxjrapatite, or a mixture thereof and 
said granules having an equivalent-diameter of about 350 |im to about 2000 jim, 
preferably 500 \xm to 1000 nm and preferably being of a regular shape, sudi as, for 
example, a spherical shape; said granules being coated with a biocompatible and 
biodegradable layer of a polymer selected from the group consisting of poly (a- 
hydroxyesters), poly(ortho esters), polyanhydrides, poly(phosphazenes), 
poly(propylene fumarate), poly(ester amides), poly (ethylene fumarate), polylac- 
tide, polyglycolide, polycaprolactone, poly(glycoIide-co-trimethylene carbonate), 
poly dioxanone, co-polymers thereof and blend of those polymers and said poly- . 
mer layer having a thickness of 2 ^m to 300 ^m, preferably about 5 |xm to about 20 
Mm, corresponding to a weight fraction of about 4% to about 15% of the weight of 
the said implant 
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